12 United States Patent

Rajabali et al.

US008426007B2

US 8,426,007 B2
Apr. 23,2013

(10) Patent No.:
45) Date of Patent:

(54) LAMINATE WITH LOCAL
REINFORCEMENT

(75) Inventors: Abdoel Faziel Rajabali, Alphen aan den
Rijn (NL); Max Arjan Markestein,
Culemborg (NL)

(73) Assignee: Fokker Aerostructures B.V., LB
Papendrecht (NL)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1262 days.

(21)  Appl. No.: 10/562,832
(22) PCT Filed:  Jul. 2, 2004
(86) PCT No.: PCT/NL2004/000473

§ 371 (c)(1),

(2), (4) Date:  Feb. 23, 2006

(87) PCT Pub. No.: W0O2005/002845
PCT Pub. Date: Jan. 13, 2005

(65) Prior Publication Data

US 2006/0159887 Al Jul. 20, 2006
(30) Foreign Application Priority Data

Jul. 3, 2003  (NL) i, 1023811

(51) Int.CL

B32B 3/24 (2006.01)

B64C 1/12 (2006.01)
(52) U.S. CL

USPC ........... 428/138; 428/139; 428/140; 428/172;

428/596; 428/600; 244/120; 244/126; 244/133;
244/132;244/123.3

(358) Field of Classification Search .................. 428/139,
428/140, 172, 596, 600, 138; 244/120, 126,
244/133, 132, 123.3

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,160,771 A 11/1992 Lambing et al.

5,500,272 A *  3/1996 Padden ......................... 428/140
6,114,050 A * 9/2000 Westreetal. ................. 428/608
6,428,905 B1* 82002 Behretal. .................... 428/594
6,648,273 B2* 11/2003 Anast .......cccocooeeeiiiinnnnn, 244/119

FOREIGN PATENT DOCUMENTS

WO WO 98/53989 12/1998
WO WO 02098734 Al * 12/2002
WO WO 03/068494 8/2003

* cited by examiner

Primary Examiner — William P Watkans, 111
(74) Attorney, Agent, or Firm — Young & Thompson

(57) ABSTRACT

A laminate of metal layers and plastic bonding layers situated
between the metal layers includes two external metal layers
extending substantially continuously and at least one internal
metal layer. At least one of the mternal metal layers has at
least one opening, and at the position of the opeming the other
metal layers and plastic bonding layers are bonded together to
the form of a packet of lower thickness. The relatively thick
parts of the laminate can be used for the transier of forces.

18 Claims, 9 Drawing Sheets




US 8,426,007 B2

Sheet 1 0of 9

Apr. 23,2013

U.S. Patent

L ]
-----
llllllllll
lllllllll
11111

_.-_.__._ -_-_._.._-._._....__ _.._.__._ ..t.__.__-._.-_;-.._ .—.._._..._- --. -.t-_....__n_'-_.._-._..,__. ﬁ.-a- " ._.._-._.I..____-t-__-..-u..:-.._. -...- ..’ ._-... -_.._..._._i.._._.. -.-_._.. ___-- _-_._._.J _.._ -_-._.-__.._.- _-_-__-_l.-.___—__-_._t..c____i_-.....-_i--r,._-._..__..-_....._.-_-_...-_.._-_.;._._ .__... -_-_h._..___--..._.._,.....- _-._.__...__u__-_. M_..___.-__.__ ..,t-__-._r-._.-_.. i......a.....:.tﬂ ._._._.-___._-tl _-l..._-...-_.-____ e _..._,._._-__.._.._..1._ v . " _.__.....- . . .._t.._-_ L. L. lﬂ. L R i R . 5, AR A . . i X g g
LF 4 . . T TR L L Ll L L L ldol ol dondomndminddl] u‘lw“\.‘u“hlﬂﬂ!"i.‘u‘\.“l.“‘i‘.‘“‘ﬂl.‘Iﬂlﬂﬂlﬂlu‘la!__!\.“.‘lnlﬂlu!liw‘__.!li_,“‘iﬂ!‘,.Inl_,.l..lnln.lwl...‘l..‘_lwlﬂl_.lx.l.i“‘*“\“‘lﬂ!
r..l.ﬂ“ﬂ“ﬂ?ﬁﬁ#’fhﬂﬂﬂﬂff.ﬂffﬂfffffffﬂ!ﬂﬂﬂrﬁﬂ_.,..-..,_!.El,Ir.l..l.,.r..r,l..lir.i,.r.f..r.l,.l..fffffﬂffffﬂfffﬁﬂffIr..r.l...l.lr.l,lrl.l.l..fi.lﬂr.l,.l T I T L L LI A T L ATLELM M T T LA LA LTI R C A T LT LR LA AL LALLM A R R L WY

" ) - - - .-. - . . LR e . . . . ta . W - o - A - . . ' - -_..._..-l-_._. * .-| l-._..____._._l__...__-_l_-a__._.-__-..._l 1||-_lr-___. _.|-.._ - » . -rl_._.._l.- v . - - ll.-.l - " -__-l_._.-_-_-_.__ -.__-_
™ [ r - " . - L - u . [ * . F » -, *a WV, _-_.-i " . wrnit-i.-ili-i --.-__._-.._ l- b _.-l-.- -.-_.-__-_ .__I..-.il.._-..-'unn_ li-__..-_.______.-.__ li..__.._._- ._-l.rl.-_.-_.__ __.-_._..___I .-_I..__.-_ l._..r.#._.l_-_.t.-.-i_._-_-l_._..-_-i-_._,__-_--_.-_- 'l-tl-!.-l _.-I.-_--_._-_._.._._il.i.t-_-i||___.-_|-_l-.._._l.-|_._il_-_-_i.._.-_-.r_.__-....-_-..____ll..l._.t..__-_- __....___._ -lli.l_..._.._-il...._ --__-_- -_-_- L]

L | | ] -
- r - . - - . L. * LI ] L N - a - - - - ] - - - . = - " -
) ; g .-_-_--_-.._-_ ._._._lu.__-.__.i.--...-_.- a a _.i.. l-__-_t_._-_..__.-:!.._-__._.._ . ._,_.__- I_.__-._..-._._____...t-_-_-_l-_-....___n.._-__._i-_.._-_-__-___i_n_._-i-I.-_._ -_...._._i..-.-_ _._.-.i-_.__ . IR T R R R L P BN . . . . - . . . . . . ) . -
p . p y 1 . - - AITEVLTIERIELE AP

PSSP AP ISR PTG IIPI RS EE I ESEE GO EFTEELEESTEIITIVEITURPRIE LIPS IIF T A S S A I A I | VA & Ny Y T R o Ll il b b hddidoidateinindet bbbl .I_...__l._.._l.,..l_,._l_,‘...l__...l.., WA ENEEy T

mbal " : . N \\ &t . P R P AN A S e e e rfﬂffffﬁf/**wzfdﬁ S

AR ., _-__-ll_-_.._ll -_ltt ._..-_It-in_lil-l_l-.-li *‘..’f‘-i-
.-... . - - L

. - ’ . - * . L by T, _._._.f._......" . ol W A_._-._r.,-____._rlln..__..-_...-lf_--_-__—--_-_- I NS . oy
» l_-_.._l_._ _.__.-... -_-..li__-_._._..___n..__-_--.- _.-_ l...l-_-__._.._-_-_-_-.._.._.._._i.._..__. l_-_.. Wﬂ”’”\;.ﬂ“\*"ﬂ?‘m_.‘”’jﬁ”drq q””””“””d””é/ﬂ/ﬁ. —..-.-_.._._.__-..._.._..___-_._-u_._.-_._n._..-._....-...-_-_..-.-__._.-..._.._n.___.un.___---ua -t._. @\k‘

»
-._u_...-.._-_-l_-_.-..-_....-t.ru_._ LI e PR ”f"*ﬂn. . ‘_\.ﬂ ﬁ‘_‘. g y - i prebue - - - - . ‘._fi..l.. .__-_-n.--_.-_-.._ ._._.__- ._'_'. p . ..._-.- v . - . v - . - - "
SRS AR YREY L T I e e ¥ Y T LS falte et / nleglon e e limineeqtontmfiionlpnlomfmbo o onireptlonlimtonghong -
- ] - [] [] ¥ - - . L= ] - L] o - " . . " a * . * - - - - -
a s T _ "a ., e T T a L ’ lti-lh.v. \_‘ L -_ : _- : .._ -_ .-_ | - \ﬁ ---------------------------- DAY
N b R e

0L ) \

cl Ef ch N Q\ ol

lll.-__-ll || ll-. -.._.-_ ||I .l__- l_-.-.-__-_f tl-_..lli_r lllllllllllll .-_I-_.-.-_..l.__._l_-_-_-_.- ilil._.__v.l_-.ln.l_-_..nnllnlit._.i_-_ PR L P I I B o P " ’ - - . . - - - . . - b - » _l_-.. - P L R L
u.l.._.-_.___._.._-_._n__._.__rt_._-q.._...-..-.__._-.q_-_au...__n-_-_...__-_...._._.__.._-..__-u...._.-_.._-. 'R I L P e i I L e P L T T T T L I e I I e L T A . B LI e e Y L PR I ., e T R I
A A A N A WL .._I_,L_I__..._I_,..I_....I_ul....‘._l__...I...I!..I....I....l..‘..lﬂl..h..l.ul..‘a“;‘.‘““.‘““h‘.\h‘h‘“.‘.\.‘.\.‘.‘;“iﬁ‘vﬂ“\‘u‘.‘“hﬂ‘u‘.‘h‘uﬂ‘.“u‘.‘.‘ H.I‘.‘“‘.l‘...l...ln‘..‘.‘““.‘h‘.‘“‘.‘.‘.‘.“‘p‘.‘hﬁ
AR AL AT L L LT R L LA AT AL A A LT LA A L L LT AR R AR AR A A AL LR L AN __.r,l,,l..._l..lr.l”lff’ff’fff#ﬂlﬂfiﬁﬂﬂ.’i’ffﬂi’.ﬂfiﬂg’.‘.’i’.’drdr.ﬁf:!.ﬂl..l.l.f.linl.ﬁ.f.!’dnﬂfcf .ﬁffﬂ.f.’.r...r..’.ff.i-._.r...r..r..l.:l..l...l..ff.l-ﬂ...l.Jr.i..l;.ﬂfﬂuﬂ!l.l.ﬂ..’lrﬁ.ﬂﬂl..lﬂ.l
a L » w - - - - L ’ . L I e i B S A T - . T om0 - e B R T .-_-_ti___u_._ - ¥ ___.__.__!lill- _.._-__-I.-_I_-_- L 4 L - 0 l-._._ .__.l l.._.__u _.__-‘.._..l_._.n_-_..-_ ¢-.-,_.__il-___.._.__T e t g ® - - -, 4 PN
lllllllll l lill.l__-..-_.- i.ll.l.rlillill.l.-l. - L] 1 [ ] | ] L] .I-.-.ll_l L ] L iii.-_l [ ] k| L] ) . * * * -..- r .I_r [ ] ] N . . * . . ' *
" - . . - * . .._l.l.-..._..l..r.._ L e e e T LA L -, - a Tou a "o e " Y . ” i aiFf a T _ Ta " 1 » . . . - . " ’ . - . . n * - d
Todd d T PPl LLELLLLLELELE L LA Lrded odod el ol il oyl A A A AT A A AT AT AR F A TN A E T F s By L e R
" . n Y. P ] ] . *

AT LTI A LTI TR R RN LR WSS Eﬂ“ﬂ“ﬂ?ﬁﬂ#ﬁ#Jr.!.ﬂﬁ..ﬂf@fdrﬂffJ.Fﬂfﬂfdﬁfffﬂffd.fddﬂﬂ/d..,.d... I AT AT LIS | O LIy )50 DEOID
._. _- .-._- .._l ] a : - ¥ g | - ¥ - L ] %‘*“H’N’f’!’iﬂ‘r‘!i!!!#*i,.’/'a.“ﬂ-”.f”w///w ) i_-_.-_.. _.__. _-_._.l_- ._-Ii.-_ﬂ. -_._._ ..- ..”__ -.__ i_. - -.- .-lt _-_t -.__. - .-l ..- . i.._ .-_u - -il._-n_ -.- .._-_ . .-_- _-_. .-_tl I- - -l _.____ . _-_. ml.”o.lr./”f,... w t\i'\\'r‘rjr#‘r”‘rfi.’:’.‘rﬁr”!ﬂﬂ#ﬂ;’-’.ﬁ*f% . W .._.- ...I » .__-. _-___. * l. .1.___ l--_.-.._.i - .._l
.._uu..__.__._..._r.-_...r._-.._--__rin.._-.-.-__.._.__._r_.._.-..-,.-..'-_r. r » s Ve _ Ta, Te T .-, .._..,-._.i-.-_ o e T T, Y e T " "a "a ta Ta ._,n-..,_--...__ ‘.._‘. --._-._l_._....-_-_-..-.-..-.-.-_-_____.____-___l-_t > L T M - . - . . - - . -
P Y T T Tl B ﬂ\hil AL AR SER A S R z/.,/_m I.lrl\‘.l..ll‘\.‘.‘,‘\.“‘!\.““‘\ﬂﬁ = P R T T ._".. LT et . ./,,J ,ﬂ‘\“\“\l«i\h\“‘.\\\“_I_,.._!_I_.h
P.!i..l,...n.r.liﬂﬂ#ﬁﬂiﬂﬂffﬂ!ﬂ!ﬂiﬂ!ﬂi..r.....w @ PRI i A Pl SR S Nl e S lr...r._......rl..li..r”l.f..l.F?.ﬂﬂl.ﬂffi..ii.ﬁfuri”-rjfﬂi v LN SN, AL R m T LALLM TTR AR R ALTLR B R AR LR R R W)

* - y " “ t o e A R -.__-lia " ” " * - ' * y * _r_-_..-___l..l-l-lii.ill_-_i_li.._-___-l_-lilli-__.—_.la.-._-____.

j T j

L) e Ll 0L Ll f LL /
&y A’ £l

) 1 \‘ @\m




U.S. Patent Apr. 23,2013 Sheet 2 of 9 US 8,426,007 B2

13




US 8,426,007 B2

Sheet 3 of 9

Apr. 23,2013

U.S. Patent

9
0

Gl

. . _ =, - L LI L LI ", " . . . e T . - . LI - . - L
.ln.l.n'i‘a’i"ﬁ.’.’r‘n”.‘u’i,‘."r"‘r‘n‘r’,‘r.f‘r‘.",‘r;‘
- w ' Y a ¥ T B r.-_._.-__.___.._._._r_-.-.i-__._- e o
B N I R e e LT DL BT AP AP R TP I N B - .
i NN o T R R R R R i b R R R S R ki bt b i S A B A A S A A S Ay A
Wf > _“_...nfrfr..f_......r._.__rj” . ,...r,_.......” - " .M..._.____.._...... ._”.. “..r ._..”..._r “._r ..._... . -0 -..”.. -._..f = ”_.t ., .///J/‘//a”//-ﬁﬂrf \ *”.":‘u‘n’d".‘r"r‘r‘r"-‘r‘r‘r‘r‘..'u'n'r._'..'-'..'.'r r._ln_'n'n_'._...'n'..’.'_...'...'r‘i”!‘:‘.’:’.‘r‘.’.‘n‘r’.‘r‘-‘u’.’.’r)’r
..__-.._._-_.-.__..-__._._- L L AR A TR I I g _... ._._..1/// e T e T oa
byl pnpempuinpi et e Y Y ekl
‘_.._.l__..'"rﬂ.‘.’.‘.’.‘n’r’.‘r‘u’#’.’._l_.._l_.._'.._lr.l__,..l_r._lr..lulr.__l.Iﬂ’i’.’.‘r‘i L -. a T & . Tt -2 » Iﬁ
s T » " -l__._.__i.-_u-l_.__- _._._-._-..._____._-.-_-_ i_._al_-.-i.._-iu._n_- .-l-._-_-.._i_.__-..__._._lu... _l..r -*—.-- _-__-__._-_- -___._._.__
_._.- i-_.--_-..r.-_-.t...ull._.__..nli_._-_-_ l.._il._-_._.-_.._____ tln__ -111.1--‘_%/ -._..__..__ l_-.al.__l-.-i.._.._ \.ﬁ Nl s tllcil‘_i-./%“. ...._.-_-._.___lvl_-.-.-_l_-__._ --Il.._.._ _-r
> ORI SRR AR NG
L -
l_-_‘- _-_.l_-_-_ ti.l_- -tl.-_ .._-__fl .._.-_i.. lI-- -
L R B T R T R

¥ - - & a - & - - - » ik -
A R R A
O R Y
| | | ] | ] L] L o .

!

F y
]
- - ™ - - a - - » [ - ] a » - - ] - ] . - - L] ] [ ] [ ] ] ] [ ] ] L ] ] L I L |
il. I'.I .-I I.I -l.l.._i-.".l 'I.I i_..l.l_l.li..l Iil.- .Ii i' -l.- .i.‘l.l.i'll.‘l'l.l..l.l'i'.- .I .'.I -‘ - L e A I I I e N e R TR L PR L L
' IR R T B I B - - = ' ' - -t r g T e " LR B IS L B B e O B L i S R T T " ) - . R L R B i B e L R T T Tl T B I R T R I
- F . - LI - - - » - - - » » [ T ™ ll.-_.IiI.-_i.-_ _._-.. - LI L u If!-l.-l-l!ll-l lllllllllllll
& L L] el & [ ]

R T Y R e P PR LY . I R T T e A S - - . - - -t e %4 " s " e "a " R R R T S P AN S T S S Nl A S __. .-_

T T T T T DT T T T T T F okl ol eyt o ool ¢ ey g e e T T ol ottt ettt oottt oot pimodocboglemtod,

T ITTLTTTLTA AT AL A S L AL AL SRR AR AR MR R R W e e A T T T I I T T L I L AT T T L T T T T T I T T T T T I T T TR O R R LSRR

----- _.__.-.._..,.- ..--.---...-_._-.-_._ l___---i-_.._.__-_ . * -.__,.__._-_._ e ' LS ISR R M I.._.._-_...___f_-_-..-__._.__...._-.- | |.-_.|_._-__-_..._--..-_._-_.__._ii_._.. - y * .t ' "t IO R A A D
- !.-_.- -- l_-...i l_-.-.l.-i.-_ll_.!.-_.-_._l_r _.__i__i Il____...i-_-__-.-.___-l.._-ll ___.._.-.— _._.-_.-- Il-- .-_l_-_.Il-- ll.....il_-_.__t.___-_._._. -_-_.-_i.._.-_i.l-__._-__..-_.l_._-_.-.-_—_._.._...-.-.-..-_-.iiii_-l_.-_..-¢lt L T T l-__.i.._lll.-..-_r.-._._._-.i_..- *e "a i u ) hd * 4 - . . - L)

phan ot B . N A A A R A A A A A A iy hﬁr}ﬂ#.”}f//ﬁf?fffffffﬂfffffffffff._......_.H........._...........,..rf.___rffff#fdﬂ?fffffffff#f#fHf.rfdrfdrﬂr..r;?;nrdﬁ.?ffﬂ

" oy .._.-_I-.l.-l...-_-..-.ii.-_illll.ll I.II.-.-_-I.I l_.lli.l -..-..--I.III..-_I.-_I.-. .
V . . e . AAOART N A LTS

llllll
L]

_‘._* * . & . " a - " - = - = . - " Pt . . - - UL s T e e _'_..._
.l....l..l..l-. _.,.-.._._-_._-.- M .__._..._._._.___-..-4._.,....__._ ...-.-.._--;..--r..--.._..‘* __._.-...._._._.u._._....__-n .__-...._..._.__._._._...___--..____n.__--_._._..--._..-_-.--_.._._-_.--.._-_.._J’,./...;.. - - L I R T e e D R D . - " .
..l_,.I_.l,- : .-. e, . . . - ., " > . * ' - . . ., ' * . - - b . - T .Y./.'.._.u‘“1‘.‘1‘.‘\‘1‘1‘“_‘“‘1"1“.‘1‘.‘4‘1‘1‘1‘1‘;‘.‘1‘1
Lt ' D, ST T T T I T LT T T I LA A ML LA AL AR LR G,
L L - - - - - - L] - - ]

T

o

....._4._.__. -_--__-__-___l_-_i_.__-..__-_-_-l__.-..__.

. _._.ql--!l_-..___.i-.li_-l_lln-
L [ ] L | L] -+ -

Rt dal i - * 4 "= h W A A A A
rl » . . ¢ "

L Il_ - 1-. " . .‘.-.

..-.I-llil.rl-.--ll.-.-lll.-_l

[ ] | ] [ ] [} d [

Gl £l

. G Bl

-l_-_ -.__..___.._ l_-_ll'._.-_.”_.._-.-__._ln_--.___n-_-ll_—_-_-.-__.li ____.r_-.-lt.-l_-_._._.-li.___..inl.-.__-_l___ll-.-_-i.-..-_._.¢rilrir&#a_-_lnii L e B I B R ey . ey - LR . ; . . PP L I M I T I

.-.-_l--_llitl tlllili--ll-i#-l llailltbltﬁilliildild--_.-t.-_l.-._.-t.-.-_ [ ] ii._.lIIttI-il-l-iilil-rlll___lrwl_r.-_l_-_-lni.l._- !l#.-_.-_l....l..-il.-lltlall.-_rli- .-ll_-_l_l...-.-_-_.l.-_.-.._.l‘ l.- -t . L. - . - . L * . e ...-__..t ._-__- - -_.-tl..-. -.-.l_- -_- _-._1-II.- v .

gy P R YT T T T 2 2l dlntnldnabiotintimglod, tael . : A A A AT A AT AT A NS ST I LA AT TS BT S A A S o v v 7 A

AT IO AA LTI TILTAL S AR L LA TR R RS R R R Y AT I TTI T T I T L T T T T I LTI LTI A TALTIAT LTI ALLALTLLL LA LR AT AL R LR LR R A T I LR T T A L A T AL L LA ARM AR A AALL AR LTALART R ALL AR R RS
» P r - . r . ] . - C . - - - = » . 1 - - = e " e Y e s * . * * Rl B * b . - L I e e L L N P v e "

¥ |

LI n » - LI » -
.._.. -.-!..__.._.___.rl___-t.--_-ll_.._. i.-_-_i.-.-__.__-li_-.._.r_-_-_-_l_-_-.__.i ._.__....__fl_!-_.lliln_-

& [ ] - | ] - [ ] -
11..1!!.--_!.._-.-_.__.!.!-.-1-_.-1- .Ii..i-l_-_il.-_lt.-ll.llri--.i--_l.l --_.-_i-_l-_.-.-..lll.-rll.-l.-_ll--.-_.--_-r.ll
Jltmfﬂ.ﬂr.flﬂ.rliﬁarfffff#fﬂf ai R AR AR RRG AR AL RERARE JJ// Aﬁr At T T T TR T T T T T T T R L IO R LS 55
r,..... > _.__._.__._-_.__.___._-_.__.__.-_u_.___._...-_.__- +_.___-.__-_._ -;__.__,_.al___.l..l_-.un__..._r i_..--._._n--._,_._--_-.._-._.._..__._.._-_-.-_..__-__._n.,._._-_.__._....-_._r__.__...__-a- _-_._.a___-_-_._._-_._.__._._

-l.l-_li_-!l.-_-_-i .ft..l.-_lillu.-..ll .-_-l_-.-.#-li...il_-l_llll...l._-_.-_.-i-_I.-.-l.-l.-l.-

-l-l-._-.-__.l .-I_-_-li... -__._- ___.-_.__ I_-_i_ - ™
.-__-.-.I.I.I .-.i L y I-I L] -.lirnl.r.i
' l-.-_ I-_I_I.-nl___-ll i_-_l_.' iiiili-.- ll.l_-_ lln

*
L |

] »

-, -_-1.._ -.__-.h._ l.__.-_.. - __l_- _-_- t.___-_-_ 1 _-' n ___i ._..._.- t_-l - i._._ .l_-_.__t_-l -i_-.-i .
- . ™ . . ’ ] . .-_l. . [ ] * ____- » .-.l - .-_.- . I_I ¥ .l.l 2 I.I '] . _-.l l...l I.Ii. 1.'..'
e e T e e L I O I L L DA s " s ta "
L //%/// ' R A sttt
L lI - .ri - --_ - l. r(rfl - i_. - -.. . __-__— ’ t-.___ . .-i. 1 ¢! . .v_- . .r-
’ * e T Ill ll_ % Y. .Il - ll * -I . -h = .-_.. * I.-_.- .l_-_.-_ I._-

] L a L ] - L | - L L] L] . . L]
* . ., v .._.-..- l-ti_ ] !l - -.l.-.i -_i_-.i I_-i_-_ .-.l_rr _-Ir._ r - R . " l1 ..lr.q ll - Ii-
*m y Y4 Fa Te "= e Tw Y "L ", v " a b oa a_ T [ # "=
T T e R L . ol T, B F Ye "4 "4 T4 " w
ekl ™, — Iﬁfrffr.rf....ra ARAEL AL AL L LA LU A R W AU L AR R L
] . - LS i / ok * s " a " u | ’ | | ! e . . " . - 1 » -, » ]
B Lt L "y e " " "a_ " LA R L R O T
il -_l_.-..-_ i..lti.l.-ll.l..ll-l-l.ll_.-l.ll-.-.I.-l_l_l.-l.tllII_I-_I.-_.-_l.I
| ] n II [ ] - » ] ] - - - " . . r /
- - "
-I.-_ .-.-l_-_ll.-#li I.-_J.Il .-_#.vii_i
e e e

| |
L ]
l.-_ul.l-_ll
[

= - * ., T oa " oa " . - " L I u T
b . . . . . LI “ L - - . L . LI . - . L -
* L B PR R R I
" T " . T - " . r -
..Jl..f;!;r.ffjrfxfsrlrf-f.fﬂfff-fffarff:rfl..ﬁfﬂ.rf.ff‘rfﬂ
L] - w * - - & - o - - . L] . a i . ]
.. . - . - * . . = = ] ¥ ] o ] " ] *
] . LI LI 1, L ] . - . ] ' " . L)
- L &4 +* L] - L] & LAY LI

IV T PP L LI L L L Ll okl ol dodonde)

|
FIEIMATLLLTRALTLTT T ORTATR LA R R R, '

A il AT i A A A AT AT ST TS
ARMTIALTLETITATAATALLALAL L AR AR R R R \\

e a DI



US 8,426,007 B2

Sheet 4 of 9

Apr. 23, 2013

U.S. Patent

lllll
lllllllllll
lllll

* . - .

y C 2~
pipgepeym e ¥ F 2l iyl
__...l,._Ip..l_.,lr,_l_..l._..l.,._l...lr..lr..l:..lrlr,lr..l_ul,.lr..lr,.lr..l..._l_...l_.,.l..;_l...._lr..lri.. %ﬂi S

- . » + - « 0 *om

REUA T LR et et %ﬂ.u..ﬂ

- ]
iiiiii

u u I.I * * - - - - * [ ] | |
“““‘,‘““‘.\ -

.-._.. .._.l-.-_ » ___i.- l- _._|- -l l.rl_. _..-_ i...-_.-.-l.._ -i_.- .-_.- 1-__- ] ltl- - -.- ._-_ _-. ....-__.i l_. .-_...-_ _._| _.....li _.l rt-_- ] .._l._.l l_- llll ’ .-__r_-_ ._-. l._.I.- _-.- ___t__..- .-_._ -l_-_u ..._- .-_1 .-_._ ll i .-_... .___l .-___. -_-_ . -..' .-_
| | L - + - L] [ ] ] L [ ] - - L o [ ]

‘r’i‘r”i’iﬂ:’!‘iﬂ‘r‘n’“‘r"r‘r’.’;’!‘n’“’ﬁl’rj’.’..'..I.
lllllllllllllll " I.._l - ] I- .-I. .-.I_...I- Il_- .I.il ] - - a - - B, - Il L] ] _-I_.. . - - - ; " -l.- e = L] - F - - [
__._1!- llllllllllllllllllll A T r.-_!.___lv-_-_.-_..._-lrl.-_ _.I_-.._vi...__....l_-_ .-_-.._ o --_1_-1_‘.---.-.1_..-_!-_--1_-_-_- y y - T e ___.t._.r-.___-_l-ifi--tll-iil--_i‘ -_- ..—ll _...._.-_--t_.-_i.-_-.-_-ll-ll_.._.-.._.._-_.f-.l!_-lil.-'-.--_-ll-_l-__._. l_-._.__-._-_.___..._ .-_-ll___-_-._-l-_-_-_i-l- _-_i_-__-_ ._.-_-_-
”i’i’:’u’n’.’a’u’.’!‘n’u’u‘u’u’.‘.‘.‘r‘rj"r‘u’,‘.‘n’u,‘ -
., *t ., "a *a s "1 _%a . e " -i_--.._.l. g -_11-.__.-...__. * . LR
o [ - | ]

AL A A -._........-%ﬂw“.ﬂ-ﬂﬂ..ﬂ..ﬂ e T S A R AL AL AP AR,

!y " . [ ] - - - ] L]
Ay A A \AWKANUYNNVONNNNN Y il

* ., " " T e = =

. I .-_ i I I l _1
FF?FFH#FHFJJ‘JJH“..‘.‘-‘- ._l.._l‘..“rl___r‘.h
- . . L — i, i " . T, ", I VR T, ", W

. ] [

¢l €l

” / Bl

L]

*
----------

llllllll
iiiiiiiiiiiiiiii
11111

.....,..ﬁn.....u.........._._ L& N l.l.__,.l.._.
WJMK&&-N””&;N;-N-‘& ....- . L .
T b . . s
Lt e ate A e — ﬂ.‘,iw‘..l..‘.\.‘.“_.l_.r:mfﬂ%//m ... ...... : .... - ] ...... ...... .................

el ® T . ffﬂr..\.““““‘.l . el I A -
R ......f//f;ﬁ/\w\\.‘f‘.ftflﬁrl.i..ﬂlilld......... R Y- \ g A L l-l.ll..l..l.l.l,l,l.ir/l.
* g T . + . - L .I..I.-_.I_Ii - l_'Il-l.l_i.l r . Fy ot ¥ - -
o R RN I NGNSV Z“_‘“““‘“‘h
a - e e T I T W,
l_l * L ] * L] L ] m ] | L ] "]
.-_.-__.__1_.-_ _r!._.._l_-.lll_._—-_l--- Il--.-_.-.._-...--n_-_..__-_l_.._

!’i’i.lnl..l....l..inlr.lﬁl.;l..".lr.'f . V.
- [ - ] 1 & . *. . 0 ‘

| 3 u
..........

llllllll

J i

-------
IIIIII
[ [ ] L |




US 8,426,007 B2

Sheet S of 9

Apr. 23,2013

U.S. Patent

DONF ™

Gl
6
vi

L]
'3 L
llllllllllllllllllll
llllllllllll
iiiiiiiiiiiiiiiiii

ttttttt
--------

*****
..........
“““““““““““
............................
lllllllllll

]
-----
- - i+ L
‘‘‘‘‘

- » - * - w _ [} n ] s Tl .
-------------------------- .-.-_i lu.,.l_..-____¢.-_.._l_-.-.w.._._._i_-_-__._-_._-l.__. .__.-__. ////é- _-_._t._, -_._-_ti_-_._un_-_.-
* - u L] - .-...-.l-_-.l..ll_l_.-_i.-_.l_-.._-.I_Il.t_l.-_l..l.rl.-_W _-.i.-_.l-..i!ll-.-.llll.-
..___..r...._..,!..__....F.r-....fr.r.r:rffr!..r.....r,rf!.rfr..r.r!!f i T T T T T T e T R TR T e %ﬂf!! AR AT TR R L LN Yo _...-. L ]
] . --.//I//// .-_l....-n..._.__r.fi_._llll.._._-_...lt.--_- -
] - ] ] ] L ] L ] - - -
.-.-_ .Il.ll L v . T 3 L. - - . - . L - - i ”/’./l.II.I.-Ii.II.I..'.'.I..-.-.!ii_'II.I_.I.I.II.I
P Al A N SAARNNRRYRR R SRR YT s R
ramawanwmagon aanve s s e UL IR e
o - . A T PR _-_1 L L R . _-__- .
- )

6 DI

iiiiiiiiiiiii
nnnnnnnnnnnnnnnn
iiiiiiiiiiiiiii

lllll
lllllllll

L J
= ] - &
llllllll
IIIIIIIIIIII

"
" . . . L
P A A
- = T W, e W W T T W W, W T W W T T T L L RS

" B .-__...f.. Ty [l
L - - . - & .Ip// /.” - L) [ ] L | - " - - - - n
1 T _._-....-.1.._.-_.___- t_-_-_r-.-i-l.._-._i....-_.__ .-__._ _._l.__._-.-.._.._._i-r-i.__.._._._u
. R R R R R L AT R AR R R R R A
L. * [ ] | ] [ r - M n ™
. ll_l_ill.l--il-Ill.l-[.__-.l.n!-.h.l

L]
lllll
llllllllll
" .
] ]
-t l..I.
| ] L |
L]

Q b




US 8,426,007 B2

Sheet 6 of 9

Apr. 23,2013

U.S. Patent

Gl

N4

|

6
9

r
]
1
) v I ll-_-I-:-1i1-1-i--f|-v--l-rl-_v_'_-_i-._-__--_..-..____n..a-_.._l--_.il.._-_.._._. AP e L L L e L B T L A R e T e L Y v e T e N "
.._.___.._i_-_ -il.-_.-l_.'l |-..._-_..._._.-_.-_l.._r.-_.l|.-____.....!...-_-.-_-I-I-._-lll.-_.-_r_._iii-.-l___._.._.-r...-..._.-_I..._-_.rll-.i.-_.r-.l.-.!_..a.!....li.._.i_-_._._l_-_nl#._..il...lu.lll.._._i..!l_-.l ..___..il-11-__..-_1....-ti-_llliunlillitliil.-___i_._-.--_i_-.l_-.-_._t.--_l_-i___l-l_.l.-_l-..-_.i'_.._.-_-.-r_._.__-.-_-_lli..r.____-
LI B T TR BRI T SR DT T S T D T T A T T B I B B I T ' 'y T L, T, N, R, T, e T ey A T e "o Ff. 1, P, T, 4,0, b, A, e T e T a T e T e T e T e e e Y LR D L L - " W, a 0w - .
.._..___I__..‘__,..I_..__I__,..l..Iﬂ.l....In‘.‘...I__L__I_.L.I_.....LI__.LI:‘..‘..I....‘......‘ﬂl.r‘.‘...‘...lﬂl-._I___..l__..__l__,.__l__..._l_...I..,.._I._,.._I._...I.....I__...I_...I._...I....._I....I_.‘.‘““‘l“.ﬂ‘““.‘.I.. ‘,“.‘.““‘.‘“‘ﬂ.‘“_._I__..__I__..___‘...__I__u.__..‘...__I__,._l_rl__.._l__.“t“.‘t‘;‘.‘x‘“‘t‘““““ A A,

o W T, T, T W W, W T T T T W T T T T T ..lr_.__lr..'_,,._l_...__'...Ir.._l.....I.r..lr..lr..'...lr.lr..lr..lr’;‘r‘r‘r'r‘r“r'r‘.""!l’a’.‘.:’.':’;"ﬁ'ﬂ' T W W T W T T T T T e N
- 4 _ " a . - - N * . - T * T oa e L - L el R " - = . ] e T oa r - " - ™ . > - - - - - . . a - -
L] l.-ll.l.- -il _-I..l.-ltlil-i._ _--ll.ll-l.-l_-.ltl-llli.l _I-l l.-.- ll..l-..llll..i.-.l-li...-_tlil-.-_.-_l.ll_-n.-_-iiiliiilu_-t .I//.’-”'”"Wﬁfl-if-llil‘l- _-.--I__.li..afr‘//ﬂ...-_--l.”l-_—..._.l-_I..-lI'..-vl_il L] u " » »
ll_-Iilli-.rl... ._li.-n._..-_.____l.._ -ll... .-_.____._.. .._r.-_—_.____i.__.-_-..i_._-i.-__-..-_._-.._.iin-ll_-_lll_-. -_.-_../r .-.I.-_ -.- _._.- ., t_-_-l . T w . " _..l_ _ll_._-_ll.-— - a . -
- = - = - - - ™ a ] L - (] L) [ [ L] (] [ 4 4 - » » [) " - n [ . - _.._.f._ - o, - ._ - - * = ' . u - - . - - " » = - a 1 - - [ F - - M ™ « " 3 . . . - . .
A A I B Ay A AL T AP .y L S A SO R R AR A LA L LA RS A A .. -, - - x\..‘.‘..‘..__‘q A 2 . "k B B g N rﬂaﬁ;ﬂtiﬂ;}!ﬂ!#ﬂfff.ﬁ?ﬁ E“.‘.‘n‘.‘.‘_.........lrl.........“._l_..._l___..__'.._._....l..._l_....__l.__“““““‘.‘“““.__.
SARAAALT AR AR AL AR AR AR R AR AR AR R RGBSR R R W W = L * \\ R BN RN S A o
" s - . - . * . - . - - - a - - w " Y. v, Y .-_—_ ', i.._.__...._!l-.-_-l i.__.i.-.-l. _-
I_-_.__. -...-_.-_.-
- - .. .1 i -. - .. i

b r
a ' ¥ &
____-____.ll I_-_-i L}
-

5 *a "
' . * [ ] - - i y - F ] [ 3 -
.'. - - | ] ]
. /*“.‘.‘.‘1‘4‘.“1

.
- .'.'- "t .
. Y ..I....I.al...l..-..-1.....-.......-..... ; .
. ...l..l...l.lnl..l..lirl..‘ ._I..._iqIw.lx.‘..l.“‘,,_l..“L“.‘.‘““.‘“‘\‘*“““l‘.“..I__...-
» L L -

- ] II_ -
* v " . R I e e L R D D T R R R R L N L I I T R R R DA B L - ., " . . - .
1__..__._-- _____..-._.__.___...._._l..._-_.__.__..._.._____._ll..- __,...- ||-..h..__-_._.-.,_._-.__._.,-1_._-¢-.._._.-_-r 11._____..-1_.___...-.._1-_._.. N R i I -._‘.-1'1_.‘1.‘....‘. “\“‘ e .._-_..._r . -_-...,._ s " om ._._.._-_-_-_-_.__..._._- ...__. .._._-_--_-_-_-#-*_._._._-..___._._l__._._1--_.-...__.._._..-
I,.__I‘._I..._Ialul..‘*.l.,.l.,h.iﬂl‘..I..I..‘n!lﬂ.ln‘.l.fl.‘.lﬂl..".‘.“.“‘.“.‘.\\ﬂ“l..___l,__-..._.l.li. e it * , * -y RS g
ST T T T T T T T T T T T T T T T T T T I I T N I R P ._.lr..!.l,l..l...l.,lr.l.._-r..-r.l..l...l.Irl.i.fii!.!l..!lrl.l.iﬁlrir.llrdrl..l..lnl.,l.l,,l..l..l.,l,,l.l,.l,l,l..-
- - L | L] L] - - u

. . . " .._-- - -_._. " .._.____- gy ‘. ) _.-__. " ._-___.. - -.___- " -....- - ...,_.. " ..._..- T .._..-. " ._.*____. e * " .......-._ ] %m” .-...;..-_._._ -..t..__,-._ ._-...._........_..__-*_-.- _._..,-u._- -___- " -._.- ..--. " _..... - B e __.._ ‘. R .-.,_.___, . e - ‘. - -\ ..* Ly . _.14- ", ..-.._ .., -.- . _.._m. i T " * -._-. ' " -..._. . -_.....i- -4.._._-_._.-.- -1-..... --......._ .-_._...._,- - .“ ”f”% .__.___ -.-:...___, .-nq_'..._ -..-..___, -..._-_.__... .,...__. 3

L
] & »

- * . -+ L " - L) L] i r L ¥ * L L. - L L o ) L | o, * u - - -
VA A A A A A T A A A A AR SOOI LR vl | e e s TS VLN AN WAl Ml A A G Y A -
- armarh® - . L 4 i il
IO W W Y .._......._....._,._..,.......... e » LR - h \ e, .- I R PR e e ™ b 3 % % A % % R L R RN
. - - L - L] ] L. -
. L - = r & * .

& ] L | ] | ] ] iy - - - > - - - L]
[ » | L4 L) L | ] L L & L] - ) » . - .-.i. ] & P 5 »
F ] ] - [ - E J [ ] L] * &4+ - [ | ] '] L] . " - -
» | ] | ] ] .
1 F ] !.l.l-. 4 l.- 4 L ™ .-..- .ll'.-.-r

Ll bio

- ...ll- _rl ..-. * . 0 I.-. .-.l-_ - ] ] - [] i - II- - _-__. - .._._- L. - . a T - [ - [ 4 - - - . - - - -
P _._i-l-.- -_il.-__.__-.__.rl -...___._..-T-r ._..._-Iln_._n_-.._ 1...-..-!.._.___-1_..'_.1-__.. +__.--+._.-_- l!......;:p-i_-_...l.-_-_- lr-_-____.._._lr_rl -_-_-_1-..__..-__-....__._..._..-___..__._!_- -.1.-......-...1-_._.._.._-.. _._.-__._l-__._......._l ---1.._ l_-_.__-.._._.__..--.u____._._u_._-_.-__.-_..._-.__.-_.-_ll....___-I_-_.__.____-_—.._lt l.._..._-r!_-_-_--lrll-l..-_-l_-_i_-_.- '
..__.r-i-.-_.._ _-...-.._...._- - ", w00 - T S e T - a .__.l - . LT R n ., ', = * - _ 1 - * ., 0= -.___._-_1-__-_-..._-._. -_...r.-_.. P L _._._ . _..--.___ ..._--_i_- .._-_..___ _-_-__..._____.._. - . " . a - - - . . ’ - . - u -
I.‘..‘...‘rl_..._l__..__l__..__l__.,__l..‘.‘.‘u‘.‘.‘.“.‘.‘l‘n“‘.‘r‘“‘..I.vl.._._I....I__...I...___I..__I___.“‘.‘“\““.““‘1““““.__‘.__l...__l.. H__I__.‘.‘.‘.‘.‘n‘.‘...Icl.rl..‘...la.l...";Iul-‘l‘..‘ul..‘..‘._lw‘._‘.__I__,.__I___....__I_..__‘.__I_.._I_...._I___.._.I_...l___.‘u“.‘“‘.‘“““‘“‘r““
.._....l....i..rl....__l....l.....l..l..._lr.._l...l.iﬁiﬂ'ﬂiﬁiﬁ’!ﬁl‘!‘i‘r’.’,"ir’lr‘.‘.‘."i”’!‘.‘”‘.’i".‘.ﬂn’.’”‘“’Tlr..l“l,ul..._lr.lr..lr.l...l..lrll.’lr.l....l..l ..l....__l_..._lr,lr..l.....lul..,.l...l...l...__l....l.,.lr..lr.lr..lr.lrir.lr..l...l...I....!.l..’.’..l...lnlr;l....l..l..‘...l..l...__l.,__ln.lr,_l...’..l...l....l.,l_....l.,_l..‘,_l_,.lr.lr.l_..._l..l_.d_l_....lr..l...lr'...lr._.l_,._l,l..'.l..l..l..l.,.r..l_.lr..l..lr.l...l
* * L L AL L R e Y I B L e R I N » T " _ta %, L T B I B DL R T T " T x e " s ", LI R | - a T T v W, " ’ - - * " - ¢ * - = " - - . .
. .-_.llil_-l-_-_--..-_l_-.__.._.__._.-_t_..-.-_ﬁu.._ltl.-a-- .’ - .-_il_._t.___.-_.._-.-.-_____l__...-.-ll_.iil_._l.- LI L e L R R T O U T T -.___...._____-_.._4_-il.-_.-_i;_.__-il._..-._u_-_-.n.-_.__._w._-_i#.._..__..liu_.-.__._lln.-_.__-_l._-_-_l_._-___-_-_..__.-..I_-tl-_..1r-.l!-l-¢__-_-.._-r_..._. iy
» ) [ ] . - [ ] - - -
A R R R L R R L R R R R R R R R
L] [ a [ J + [ ] ol ] ] - r L] 3 4 []

L 1 L] . * - & . i L . ™ L . | .« _ @ - 4 ", & LA L I . - - - = - L) = - . N L. - - - - v ™ > ™ » & ™ " & & " " . . ™ a - - -
LAY ./I/J'/._Jd...ﬂf_.r!-_ il nldiondland eitand ol ndondad L F L L TP LT TS LS ‘-‘“““‘.‘“‘t‘n‘“‘n‘““.‘.._r,Jlr Jﬁ:fff#ﬂf!f!ff!!!!!r.r!!Fl..rf!:.l.r.rf:.r.rl.r.rf.r,rifr.r.rri,..i._-_rfur.rra.ﬁ....r.rf.r.r...l.rfr.rf....r.r.r!f.r
- . ar - T, . o . . ., . .._ P / ..-_.1.-...._l__.._l.,..lr..lr.._l...lr.lr.._l_..__lr..lr.._l_..__lr"‘i”".'l‘r‘r‘r‘rﬁ”lﬁ””! r...l...l...lr.lr..l..,.lr..lr...l.,.lr_.l....l...l..lr..lr._l...l.,.lr-lr..l-_.lrjl..._l....l....lr.l_.._l.i’.lﬂ.’z*ld//.// R N L .._T v . e , - v - —— .
- - L - . - r o L] - v | ] - . = . a . a ’ - . - - . - " - . - - . - . . . . . - — - - a I~ r ¥ & ¥ L] - & - . [ - L L] [ 9 » [ - ] -
l.-.-il. I-. a II l._- lll i.-.-..-ll.-l.ili.-u. Il . Il - ._.l. . . _I_- - V\". .l..l.- _-_l ll.l . i- .-I_.- . l.l Ii .-...- Illl. - . I.-. . . . .'.-.-_ . .-_l l. . ., Il . L 1 - - - l_l_ * l.-. /'_**. - . . o - . . o . l.l..i_I- l.-.- I.li.-..l-l.ill -I-.—Il . lll
- ] ] u L] - 1] & L - » i & L] * ¥ - * - - » - - o = » L] - | - e . = L e * [ . u * -
AL T R M R T T e ./%Hfff‘.““““‘. ._l_.._'_.fn _-.r __..-_._n R D R T O T ..._.._ R T S T R R SR SRR L -‘ .-.i a,"a . LI R PR A T AL B .-_.. -t n/lﬂ.“““‘.“‘.’ﬂf/ Jﬂfﬂl#!!!!!ﬂf!ﬂ!!f!!fi!!f !!!!!! Iy
Tt et e e T / e e ety e et S G B B et N h b % %o % RS % RN N LN lf.///.. Pt g e s P AL
I.I.il.-.-..llll.-..__ 1Il.il.rili.ll-.fj’ .....‘_.'l. .I.-I-I-.-l ll.-_ll_.-_.-__. II.I.II.-_.- i_ll .-._- " v, - A - a . l/.'_“ -lll-!.lli...-.-.ll.i.llli I..!III._I
- - - = - - " - ol e ..lu_..._- _._u.-_-___'..l___--_._l.r'-.-._. ll_.___._.._-.-_ . -.-.___l- .-.__.-.i.i_-.._ s T, " . " s » s " &
VT A A A A A e PGS VLML L MU IS . ...............,..................Z*‘L!Iw‘“‘.‘.‘..“‘”‘

AARASAEEAA A AR A YA AR L VRS
- &+ L) L] - ] ]

k *
L ll ™
| ] i
L, -_l.-_._-_.-..-_.lll_-l_-.ili.l-
- . - - ] 1 - L]
-
T Y DT D R L T R |

0L bi4

i G e S e e e e e i e, * = ...
- F » 0 r - Y a = Y a s " 1



US 8,426,007 B2

Sheet 7 0of 9

Apr. 23,2013

U.S. Patent

l.l.\.l,.l,.iﬁ#f/r
,....._..,...r,.r.r,.r,__.r.ﬂfr

L | ]
._Inl“_l.inl_.
.-_l__....,_.r.._-.....r..-..,._r

| ] & L ] ] . -
._lr.'.‘..lr.l...'..'.:l..:'...lr.'ulr..l..’.l..'..'..i:l.'.'ulﬂln'ul.’.lr' ._...
_.__- -l - !-
/ . . ] - - . n - ] [ ] . [ ] [ ] 1] | L
.r*‘h“\\‘.‘iﬂw“\““‘.ﬂ!\“ i..._,.... A ... .
; .i.i,.l..l.dr..l.ﬂ,ﬂ..!lfiifffifﬂi’ffff,ﬂffii DA
' - L ) L] ok

....... .‘.“1‘1‘1‘,‘ L“‘.‘.‘,‘\.‘n‘u‘
Jr.‘r.lr..f.!.l...‘._f.‘. .'_..

& 5 -
ll.’..l..ir.l....l....' _lr.__l,.__l_. .l_..__l...l_..'_,.__l. ._l_.._l. ..'..l.ul.. ..ln.l.. ln.lnl. .I....I_,..l...l

/Nﬁ.

‘n‘.“‘.‘“‘n‘n‘l‘\;‘.‘“‘q“.‘“ I
Fﬂi“rﬁi‘n’i‘r‘r.."ri‘.’;lu"n’;’;’u’;’!:’i’i ) o

lllll
] - |
.......

iiiiiiiiiiii
' I .' -
---------

] - l_ - .I_I.I
. E | o
u L] - - L] -
| ]
'l- ..'" .l.‘i '.li..

iiiiiiii
iiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllllllllllllllll




US 8,426,007 B2

Sheet 8 0f 9

Apr. 23,2013

U.S. Patent

27 S LR RRRIS

]
'I.

i Sy Ny Ry

-y,

i
I I T ity

1
+

P Y Yol YT LT TLL ALY

il P

[ |
-y

III-.-_ L]

Lx
_-._._.-_-___.
it

-
[ ol

+*
*aq

e,

L] I.Il.rl_l

)

Pl )

l.r_-

o L2
)

&

et ]
-"! P L L

»
b .,I-:-.-i

LR L B Ty |

I..-'.-

-....- Tl -_l.-..- L] .-._-.-..-._- -._i._.. |-I.-l.-._-..”_.l.-.l....- l-! -l._- -‘ l_.-_._..- ") [ -II ﬂl.-l.-.- _l.-r_-..l e

l:'_.:..
LA LA LA T N WY AL n
Wt e W N el Ty A B

e F 3 - rg.mg™
L e L L P el Ll il kTl Pl il |

o
gy
]

[
[l J il 0l S ]
P L el e

4 T 'I‘...

oy Wy Ny

ol X B ]

R L)
A e P L

u
ar
" 'rn X,

12

13



US 8,426,007 B2

Sheet 9 of 9

Apr. 23,2013

U.S. Patent

15

Fig

12

3

1

L] li..f

-
s e

L S
-.r..._.l

Fig

12

24

25

13



US 8,426,007 B2

1

LAMINATE WITH LOCAL
REINFORCEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a laminate of metal layers and
plastic bonding layers situated between the metal layers,
comprising two external metal layers extending substantially
continuously and at least one internal metal layer. Such a
laminate 1s known and 1s used 1n panels which can be used for
various purposes. In particular, these can be lightweight pan-
els of high rigidity and strength for use in the aviation and
space travel industries. Such panels can also be used in other
areas, such as for boats and road vehicles, containers and the

like.

2. Description of the Related Art

As a result of the advantageous properties of the laminate,
the panels can be of quite low thickness, while still meeting,
the requirements as regards rigidity and strength. This 1s a
major advantage in the aviation and space travel industries in
particular. Nevertheless, such panels also have disadvantages
precisely because of that low thickness. These disadvantages
emerge particularly when the panels are being fixed to other
construction parts, such as frames, stiffeners and the like. A
transier of forces occurs at the positions where such fixing 1s
performed and can give rise to stress concentrations particu-
larly 1n the case of fixing methods where rivets or bolts are
used.

SUMMARY OF THE INVENTION

The thin laminate 1s capable of absorbing such stress con-
centrations only to a limited extent. The object of the mven-
tion 1s therefore to provide a laminate of the type described
above which exhibits better behaviour in a local connection to
frames and the like, without the other advantages such as a
relatively low weight and good mechanical properties being,
substantially adversely affected. That object 1s achieved by
the fact that at least one of the internal metal layers has at least
one opening and at the position of the opening the other metal
layers and plastic bonding layers are bonded together to the
form of a packet of lower thickness.

The metal layer with openings forms thickenings locally in
the laminate, and preferably at the very points where a con-
nection has to be made in the envisaged construction. It may
be, Tor example, at the point where a frame or stiffening has to
be fixed to a panel, as explained above. The locally greater
thickness of the laminate leads to greater stress concentra-
tions there, and also to a gradual transfer of forces from a row
of rivets and the like 1nto the other, thinner parts of the lami-
nate.

The openings 1n the metal layer concerned can be of many
different types, depending on the final construction. In par-
ticular, the openings can be closed in the peripheral direction.

The total surface area of the openings can be of the same
order of magnitude as the surface area of the remainder of the
metal layer provided with opemings; furthermore, the total
surface area of the openings can be greater than the surface
area of the remainder of the metal layer provided with open-
ngs.

The laminate according to the mnvention can be constructed
in various ways; the metal layer provided with openings is
preferably situated between bonding layers with or without
fibre reinforcement. According to a first possibility, the layer
provided with openings can be bonded on either side to fibre-
reinforced plastic bonding layers, which fibre-remnforced
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2

plastic bonding layers continue without interruption at the
position of the opening and are bonded together at that point.

In another embodiment the layer provided with openings
can be bonded on one side to a fibre-reinforced plastic bond-
ing layer, and on the other side can be bonded by means of a
bonding layer without fibre reinforcement to a further metal
layer. At the position of the opening the fibre-reinforced plas-
tic bonding layer which 1s bonded to the metal layer provided
with an opening 1s bonded to the further metal layer.

The thickness of a metal layer 1s preferably less than 1.5
mm, and preferably lies between 0.1 mm and 0.8 mm. The
plastic bonding layers can comprise fibres with carbon, ara-
mid or glass. The metal layers can be Al, Cu, Mg, T1, Sc and/or
alloys of those metals.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The invention will be explained in greater detail below with
reference to a number of exemplary embodiments illustrated
in the figures.

FIG. 1 shows a cross section through a first embodiment of
the laminate.

FIG. 2 shows a cross section through a second embodi-
ment.

FIG. 3 shows a view 1n perspective of a panel constructed
from the laminate according to the mnvention.

FIGS. 4-12 show further embodiments of the laminate.

FIGS. 13-16 show various patterns with recessed and
raised areas in the laminate.

DETAILED DESCRIPTION OF THE INVENTION

The laminate shown 1n FIG. 1 1s composed of a number of
continuous metal layers 1, 2 and 3, and also a number of
continuous fibre-reinforced plastic bonding layers 4, 5 and 6.
In the exemplary embodiment shown the fibre-reinforced
plastic bonding layers 4, 5 and 6 each consist of two {fibre
layers 7, 8 with the desired orientation of the fibres.

According to the invention, a further metal layer 9, 1n
which there are openings 10, i1s provided between the metal
layers 2 and 3. At the position of said openings 10 the fibre-
reinforced plastic bonding layers 5 and 6 are bonded to each
other. The remaining open areas are filled with an adhesive
11.

As can be seen 1n the cross section of FIG. 1, and 1n the
perspective view of FI1G. 3, at the position of the openings 10
in the metal layer 9 recessed parts 12 are formed 1n the panel,
enclosed by thicker edge areas 13. These edge areas 13 are
suitable for acting as fixing areas, for example for frames,
stiffeners and the like. The bolts or rivets by means of which
these frames, stiffeners and the like are fixed to the laminate
are supported in the relatively thick edge areas 13, 1n such a
way that stress concentrations remain restricted to an accept-
able level. The recessed areas 12 form the remainder of a
panel made from the laminate and are designed to take the
normal undisturbed shear stresses and tensile and bending
stresses of the type occurring 1n the construction concerned.

This produces, on the one hand, the advantage of a panel
with a relatively low weight, thanks to the recessed parts 12,
while, on the other hand, the panel 1s still suitable for fixing to
other construction parts at the position of the thickened edge
areas 13, as shown 1n FIG. 3.

In the variant of FIG. 2 the laminate 1s likewise composed
of three continuous metal layers 1, 2 and 3. Furthermore, two
continuous fibre-reinforced plastic bonding layers 4, 6 are
present. The metal layer 9 provided with openings 10 in this
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case 1s bonded to the metal layer 2 by a discontinuous adhe-
stve layer 14 without fibre reinforcement. The fibre-rein-
forced plastic bonding layer 6 1s bonded at the position of the
openings 10 to the metal layer 2 situated below it.

In the variant of FIG. 4, which 1s largely 1dentical to that of 5

FIG. 3, the metal layer 9 provided with openings 10 1s bonded
to the metal layer 2 by means of a continuous adhesive layer
14 without fibre reinforcement. The fibre-reinforced plastic
bonding layer 15 1n this case 1s discontinuous at the position
of the openings 10.

The fact that the mvention 1s not limited to these variants
will be clear from the further, non-exhaustive possibilities
shown in FIGS. 5to 12. In these figures the layers correspond-
ing to the layers in the embodiments of FIGS. 1 and 2 are
indicated by the same reference numerals. FIG. 5 shows not
only a discontinuous metal layer 9, but also a further discon-
tinuous metal layer 9'. The openings of the latter layer are
aligned stepwise relative to each other at the position of the
recessed part 12. Apart from the additional metal layer 9' and
the interrupted fibre-reinforced bonding layer 15, this variant
1s the same as that of FIG. 2.

The variant of FIG. 6 has an additional interrupted metal
layer 9' and two 1nterrupted fibre-reinforced bonding layers
15, 15"

Inthe case of the variant of F1G. 7 the fibre layers 15, 15" are
not continued up to the fibre layers 6 and 15 respectively
situated lower down, unlike the variant of FIG. 6.

In the case of the variant of FIG. 8 the external metal layer
3 1s bonded at the level of the recess 12 to the fibre-reinforced
plastic layer 6 and along a small part to the fibre-reimnforced
bonding layer 15. The connection between this external layer
3 and the second interrupted metal layer 9' 1s 1n the form of an
adhesive layer 14 without fibre reinforcement.

In the variant of FIG. 9 also, an adhesive layer 14 without
fibre reinforcement is present, namely between the two 1nter-
rupted metal layers 9, 9'.

In the variant of FI1G. 10 the continuous metal layer 9, the
interrupted metal layer 9 and the interrupted metal layer 9' are
all fixed to each other by means of adhesive layers 14, 14'
without fibre remnforcement.

In FIG. 11 a continuous metal layer 2 1s the division
between the interrupted metal layers 9, 9'.

FIG. 12 1s largely the same as the variant of FIG. 2, 1n the
sense that 1n this case a fibre-reinforced plastic adhesive layer
15 1s present between the continuous metal layer and the
interrupted metal layer 9.

The vaniants in top view of FIGS. 134a to 13/ show different
patterns of raised areas 13 and recessed areas 12.

FI1G. 14 shows a top view of a laminate with a framework
13 enclosing many recessed squares 12.

The variant of FIG. 15 shows a laminate with a framework
13 enclosing parallel elongated recessed areas 12, for
example at the position of the frames 1n a fuselage or at the
position of the ribs in a wing.

The variant of FIG. 16 shows that the framework 13 can be
composed of several parts, namely the two outermost frame-
work parts 21, 22, which rest closely against each other at the
position of the seam 23, and the strips 24, which each rest
against the framework parts 21, 22 respectively at the position
of a seam 25, 26.

The mvention claimed 1s:

1. A laminate, comprising:

metal layers (1-3, 9);

plastic bonding layers (4-6) situated between the metal

layers (1-3,9), two external metal layers (1, 3) extending
substantially continuously; and

at least one internal metal layer (2, 9), wherein,
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at least one of the internal metal layers (9) has at least one
opening (10),

at a position of the opening (10) the other metal layers (1-3)
and the plastic bonding layers (4-6) are bonded together
to form a packet of lower thickness,

at least one of the openings (10) 1s peripherally closed,

the metal layer provided with the peripherally closed open-
ing (10)1s situated between the plastic bonding layers (5,

6) and 1s bonded on either side to the plastic bonding,
layers (5, 6),

the plastic bonding layers (5, 6) continue without 1interrup-
tion at a position of the peripherally closed opening (10)
and are bonded together at that point, and

at a location of the packet of lower thickness, an external

layer (3) which extends continuously at said location has
a stepwise recessed area (12) a step height of which 1s
equal to a thickness of a single metal layer provided with
the peripherally closed opening (10), and each internal
metal layer (9) with a peripherally closed opening (10)
being free from steps.

2. The laminate according to claim 1, in which a total
surface area of the openings (10) 1s of a same order of mag-
nitude as a surface area of a remainder (13) of the metal layer
(9) provided with openings.

3. The laminate according to claam 1, mm which a total
surface area of the openings (10) 1s greater than a surface area
of a remainder (13) of the metal layer (9) provided with
openings.

4. The laminate according to claim 1, 1n which at least one
of the plastic bonding layers (5, 6) comprises a fibre rein-
forcement.

5. The laminate according to claim 4, in which the metal
layer (9) provided with the openings (10) 1s situated between
the plastic bonding layers, and bonded on one side to a fibre-
reinforced plastic bonding layer and on the other side 1s
bonded to a bonding layer (14) without fibre reinforcement to
a further metal layer (2).

6. The laminate according to claim 5, in which at the
position of the opening (10) the fibre-reinforced plastic bond-
ing layer (6) which 1s bonded to the metal layer (9) provided
with an opening 1s bonded to the further metal layer (2).

7. The laminate according to claim 1, 1n which several
internal metal layers are provided, at least two of which have
at least one opening, and 1n which the openings of different
metal layers at least partially cover each other.

8. The laminate according to claim 7, in which the openings
are aligned relative to each other and together form a stepped
narrowing.

9. The laminate according to claim 1, in which the metal
layer (9) provided with an opening forms a framework (13).

10. The laminate according to claim 1, 1n which at least one
of the metal layers with at least one opening comprises metal
layer parts connecting to each other.

11. The laminate according to claim 1, in which the thick-
ness of a metal layer 1s less than 1.5 mm.

12. The laminate according to claim 1, in which the thick-
ness of a metal layer lies between 0.1 and 0.8 mm.

13. The laminate according to claim 1, 1n which atleast one
said plastic bonding layer comprises fibres of carbon, aramid
or glass.

14. The laminate according to claim 1, 1n which the metal
layers comprise at least one selected from the group consist-
ing of Al, Cu, Mg, Ti, Sc and alloys of those metals.

15. The laminate according to claim 1, wherein the plastic
bonding layers (5, 6) are fibre-reinforced, and remaining open
areas are filled with an adhesive (11).
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16. The laminate according to claim 1, wherein at least one
of the internal metal layers (9) comprises two nterrupted
metal layers (9, 9'), and there 1s a layer of adhesive (14)
between the two interrupted metal layers (9, 9').

17. The laminate according to claim 16, wherein the layer
ol adhesive (14) 1s without fibre reinforcement.

18. A laminate, comprising:

metal layers (1-3, 9);

plastic bonding layers (4-6) situated between the metal

layers (1-3,9), two external metal layers (1, 3) extending
substantially continuously; and

at least two internal metal layers (2, 9) are bonded to each

other with adhesive, wherein,

at least one of the internal metal layers (9) has at least one

opening (10),

at a position of the opening (10) the other metal layers (1-3)

and the plastic bonding layers (4-6) are bonded together

to form a packet of lower thickness,

10

15
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at least one of the openings (10) 1s peripherally closed,

the metal layer provided with the peripherally closed open-

ing (10)1s situated between the plastic bonding layers (5,
6) and 1s bonded on either side to the plastic bonding,
layers (5, 6),

the plastic bonding layers (5, 6) continue without 1interrup-
tion at a position of the peripherally closed opening (10)
and are bonded together at that point, and

at a location of the packet of lower thickness, an external
layer (3) which extends continuously at said location has
a stepwise recessed area (12) a step height of which 1s
equal to a thickness of a single metal layer provided with
the peripherally closed opening (10), and each internal
metal layer (9) with a peripherally closed opening (10)
being iree from steps.
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